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ABSTRACT

J The extreme surface winds that might effect the Saturn V

, freestanding on the pad are considered. The types of informacion

J avallable and latest statistics about extreme surface winds at

KSC zare summarized from MSFC papers. The surface wind measur

ments cdealt with are the steacy -state, the peak, the dally peak .
end tne maximum peak surface wind speeds. Preceutions to avoid -
misuse of the statistical predictions are pointed out.
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The design specification wind speed for the Saturn V
| Ireestanding on the pad is 20.7 m/sec (the 99.9 percentile pesak
f surflace w1nc.) Interpretation of the surface wind statistics
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leads to the following conclusions. The probability of exceeding
the design wind speed during the strongest wind month .is:

d i

1) 0.1% within ”_éwo minutes
2) 2.6% within a day

Q _ 3) '24% within 15 days.
I the cdesign wind speed were 24.5 mn/sec (theb99.99 percentile
peak surface wind), the probability would be reduced to: '

ONIQ3IADXT 40 XIITI9VdOH4

1) 0.01% withinftwo minutes . :
2) 0.61% within a day '
3) 6.4% within 15 days.

Q Trhery is a rge seasonal varigtion of this probability, so that g
the "ooab llty during some months of the wind exceeding 20.7 TN
rn/sec nmay be as much as 65% less than the values given and the a
Prob aoﬂluy of exceeding 24.5 m/sec mey be as much as 90% less
tnan the values given. Also wind conditions change from day to - =]
¢zy almost as if they were in erenaent. : , a2a 3
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TECH "'.CA.L: MEMORANDUM

PURTPY

INTRODJJilOn

- Thiu memerancum-—Ceals—wWith The extreme surlace winds
&t X3C thav might effect the Saturn V freesiandinz on the nad.
The types of information avallable abous extreme zurface winds
are reviewed and latest SuatlSGiCS for XSC are summarized fronm
¥MSZC papers. The most _mnoytaﬂt 0f trhese results i1s The prob-
edllity that surface winds will exceed the desizn specification
wind speed for the Saturn V‘space vehicle freestanding on the
pad as & function of days on the pad. '

J

TYPES CF SURFACE htVD NLASU?dujNTS

1 defini-~

Before discussing winé statistics, severe
e ziven.

tions, as%Laed,by‘ma#engnggi,ty at J:WC Thbu e}

Stezdy-Sfate Sunface Uind Sneed - The stealy-state
surface wind speed (also callied tine guasi-steady- staue U;d
speed) 1s the average wind speed cver a period of two minutes
(Referonce 3, p. 5.1 and Reference 13). This speed is the
casic climatologicaT surface wind measurement. I{ is recorded
nourly at weather obscrv*hg‘SLatioqs with fixed cup-ty»ne
or propell“r—bype anemometers. Note that this sample is for
only two minutes out of six pJ end it is not truly rendom, so
statistical predictions ouued on this data may contain rather
large sampling errors. :

Peak Surface VWind Soceu ~ The .peak surface wind
gpeed Ls The maximum wind sypeed that occurs for a duration
of at least two seconds within the two minute period over
which The steady-state wind speed is taken (Reference 7, n. 4).
In practice, the peak surface wind speed is Tfound by multi-
Dlying the steady-state w;nd spead by a gust factor of 1.4,
This gust factor was origindlly based on observa ticns at
other sites which are companable to KSC (Reference 7, p. 4
and =eference 19), but since then it has been verified.
cmpiricall T

y_ “t SC (Re;eﬁancg 10).
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99th percentile wind speed is

maximum 1rsuanuaneo wind speed

nulnuously recording ¢ns“”ume“t (hel—
When making
adjustments of
T d peak winds and for missing

}_
}_J

& statistical analysis of dally
the data are made for hurri-
data. If a hurricane
day when the beak wind snc a is

tile peak wind speed Icr the month,
teken as the peak wind
when eontinuously fecoralng instru-
allaale, the maximum of hourly

day 1s used. The hourly measuremnent
d gust if it is available, dbut this
s reach 8.2 m/sec and the variation

0] (D w o

tween peaks and lulls is at
veilable, then the steady-s

Maximum Peak Surfa

t Teast 4.5 m/sec.” If this is not
tate wind speed is used.

ce Wind Speed - The maximum peak

surface wind &as defined belo
“TuCuU””Sq
&R ference 1, p. 57) require

Tor launch comolexes 34 and

For example, the

w 1s used in The design orf facilicy
Apollo Program Specificatlon
s That cne mopbile service structure
37B provide protection for the

SauL“P IB space vehicle duri

(‘1

ions given—in the Natural-Environment

ng meximum peak surface wind condi-
and Physical Standards for

Aoollo Program (Referenc
defined -as-the 95th perce
frequency dis
wind speed (Reference 11).

)
Cne

maximum peak surface wind
speed from tThe cumulatvive

e b). The
ntile wind

tribution of the annual maximum ‘of the fastest mile

The fastest nmile,wind speed is the

daily maxinmum of about one minute average w%nd speeds taken

throughout the day. (The te
method of taking the average

has passed through them in distance;
taken and the fastesg
Tinding the annual maximum of the

pass is
When 1
hurricane assoclated winds a
winds are excluded.,

which originates over the oq

(65 knots) but rarely !

viclent whirling windAaccompanled by a

progresses In a narrow path
TO more
common,

will be struck In any one ye
speed for KSC is 42,6 m/sec

6, D. 18). Since
a 5% chance, or 1 chance in
will excesd 42.6 m/sec. It

return

than 135 m/sec——even
There is less than Om*p cnanca“that any given square miie

this is the 95th p

berlod of the maximunn

rm "fastest mile' comes from the

s anenometers record how much air
the time for one mile %o
mile for the day is recorded.)
fastest mile wind speed,
re included, buu tOfﬂadO assoclated

(A hurricane is a large-scale cyclonic storm

can and has W*nds of at least 33.4

exceeding 80/m/sec; a tornado is a e
funnel ~shaped cloud that

J»nns estimated at 45 m/sec

and has 2
ous where tornadoes are nosse

in reg

ar.,) mherfmax1mum peak surface wind
at 9.1 m.hoove the ground (Pefer ence
| #Meﬂul'e wind speed, there is
20, thauﬁtne annual maximum wind speed
hs sometimes said then that the mean
peak sr“faoe wind is 20 years, but

/
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chils can be misleading becaufe it ¢an pe shown by methcds used o
DeIOWH That during any 20 yekr period there is a 5i% chance that
Cnls would e the maxinum wind sp%ed recordaed and that one would
nave to walt G0 years before| theréd would be a 9% chence that
Tinils would be the maximum. j

#0DES OF DRISENTING ¥ NJD STATISTICS

1

A

Wind statistics for each month or for all data compbined
LIe uLudlily vresented by gilving:the wind speed that correspvonds
CO cach percentile. For example, if the 95tk percentile wind

C

soeed 1s 10.3 m/sec, this means there is a 95% chance that the
in ¢cd willl not exceed 16.3 n/sec and a 5% chance that it
1 Ceaé,,:?s Va¢ue, Another mode of presentation is to give
cne wind speed during the strongest wind nonth thas corrasponds
To each perce nblic. This is ooua_ned vy the following method,
Daca ror each month is grouped together, and then all the
. February's, etc.,, for the years that data is availadle

JENCETY 'S,

are grouped together. For each of these twelve groups (one for
each nonth) frequency distributions and the wind speed corres-
ponding To each percentile are *ouqu Wind speeds higher than
Tne wind speed corrbspOHi*pg To a certvain percentvile have a
Greatcer chance that they will not be exceeded than given by the
percentile; LhereLore, if for each percentile the maximum wind
speed over the twelve groups is taken, a conservative value is
found, which is the wind speed during the strongest wind month
correspongtnyte-that- ‘percentile, Thus, for example, the 95t
percentile wind speed duringithe Surongest wind montn will be
greater than the true 95th percentile wind speed found by
comdining all the data, but it allows for seasonal variation in
cnat during any month of the year there is at least a 957 chance
shat it will not be exceeded, (NObb that the wind : spee ed Guring
the strongest wind month corresponding to each percentile may
cquivalently be obtained by the following method: for each month
find the percent probapility that a given wind speed will not be
exceeced, then take the minimum of these probebilities cover the
twelve months; the given wind speed Wl+; be the wind speed during
the strongest wind month corresponding to the percentile whose
rumerical value has been obtdined as a percent probability.)

Care must be taken‘*n usling the statilstical distribu-

cions of the different types of wind measurements. Important
poinvs tThat have not been bonsvaeLed elsewhere in this paper are
&s rollows: ‘

!

{

|
#*See equation 1, p. 6. |
- . [ . ‘
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Tt lize tThat tThe distribution of

measurements can only be used to pre-

exce 1 given wind speed withir

any uIO m¢auue pbrloa——th proba Ty that it will be exceeded

longer time interval will be higher. TFor example, the
”"enu¢7e peak surface wind speed during the strongest

a
9p»
nd month at 9.1 m above the ground at XSC is 20.7 m/sec.
“
ca
D

]

]

(D

fore, there is a 0.1% chance that there will be wind
te f tnan 20.7 m/sec within any two minutes. However, the
avility during the strongest wind monith that a wind speed
L xceed 20.7 m/sec within any hour is about 0.7% and within
day (24 hours) is 2.6%. The 0.7% value is taken from
Reference 9, Table 3; this table was obtained by developing
scaling ractors based on empirical analysis of daily peak wind
distributions, The 2.6% value is obtained from the daily peak
wind distrsswttons and“isfﬂeylved in the next section. The con-
clusion to be drawn is thatithe 0.1% value obtained from peal
surface wind statistics is of little va Wue when 1t 1s desired
to rind the probability that the wind will exceed a certain
Speed within an extended time interval.

D =S 69 H] D
A A I
i—'OOOJv

-
R

J

WIND STATTSTICS FOR KSC

Distribution of Surface Winds - All surface wind
speeds given here are for a 9.1 m (30 ft) reference height
above the ground., Wind speeds are glven in meters per second
and hnots- The meters per second value can be converted to
miles ver hour by multlolyln@ by 2.236 and to feet per second
by mulu*olylng by 3.281, In Figure 1, four wind distributions

e snown:

i
!

1, The steady-state W¢nd speed during the strongest
wind month as given in the Natural Environment
and Physical Standards for the Apollo Program
(neLerg?ce 6, pp. 17 and B4b; see also References -
L and |
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2. The peak wind speed during the strongest wind
montn as obtained DJ mu¢u1p1ying the steady-
state wind speed by |the gust factor of 1.4.

(
T ily pesak wind%speed as given in Reference 5,
Table I.17. |
|

_ B — _ . o

L, “%e daily peak wind|speed during the strongess
wind montn as determined b the upper envelop
cf The dailly peak wind speeds for each month
given in Reference 3, Tables Z.1 - I.12.
mxposure Period Droba01;1cies - The AMnollo Program
Snecirfication (Reference 1, o 19) states, concerninz the
Saturn V launch vehilcle stru¢ture, that "...the space venicle
snall have a freestanding capability, with the propellant
containers pressurized or unpressurized, on the launch pad
during the 99.9 percenulle peek surlace wind conditlions given
in..." Reference 6. This wind speed is 20.7 m/sec (L40.2 knots)
at 9.1 m zbove the ground. The probability that the suriace
winds egual or exceed the desizn speed as & function of days
on the pacd 1s called the exposure period prodbability. It is
also ol interest to c0131aef‘tne exposure periol probablilities
if the design capapbility were the §56.66 percentile peak wind
whicn is 245 m/sec~(47.6 knots); this value 1s obtained by
extrapolation ol Lhe curve for the peak wind speed during the
strongestwindmonth iu*Figu:e 1. .

The exposure DGPlOé probability ab & Tuanction of
design wind speed, W¥%, and npﬂbe; of days on the pad, n, will
be dencted by Pn(w > W¥), T@ls notation will be used when the
deta for all months is combined to get the probability (as it
is Tor the daily peak wind”sﬁeed d;”t*_buthﬁ} and a prime will
be added when data for the strongest wind montn is used. he
exposure period probabilities for one day can read from Figure 1

P (W|> 20.7)" = 1.1% '
PI(W > 20.7) = 2.6%
P.(Wi> 2L.5) = 0.22%

PI(W|> 24.5) = 0.61%,
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(RSN P N Lo DT > = e - ~ T T wrd s
She veaive for Pi{VW > 20.7) i3 the ocne qucted in the nrevious
- o | “
sg¢ctlion. In Reference 5, ?r(w > WE) and PI{W > Wi for 1xn<3C
PN -_ ad - -_—
b Y S e e A = 1T MNexra -~ ey - - - A = .

‘ ) nd a iarze ranze of W have bean emperically detvemunined:; in
R L ) - R L - RO Tii— o N o <
moference §, These resulis Tor Wi¥=20.7 naave Deen

N D maro M e . e T ~m S S = s 3.
€3 devs. These results for Wi¥=20.7 and 24.5 are shown 1y
_ SLzure 2. W ) - B
" ~ e = 2 et o e - . o maa ‘ \
2iso given in Figure 2, as a comparison to P_(W > 20.7;
I3 a theoretical curve assunming that wind condlticns are inae-
B N, PP 1PN -~ NIPN Tt v e - B N e Fad
DenGLnT IrSnl day To Cey., wWhleCh gives Tné IEeXLniU esvimave G
= = oy e o~ D" v S A - 35 N P T RIS = -7 PR aT e S T
che expcsure period procavility. The ecuation for The vneoreticead
curve Is
! ! '
o) =11 7"

‘ > 20.7)] (1)
.2, v co N TV 4T T <= Y

| wagre T used. This gives the
N s TR -, o de ~ - -~ 0 =3
SroLenl E&Cc &t least once auring
n cays, v 1T ot having winas <20.7
(O e ~ = = 3 A P2 o~ o wnn m g n A . 4 -
m/sec ocn all of the n days. 'Note, from eguation (1), Tnat
R AR ran Ny . - . PRI ~ .

Pi{(W » W¥) may be conservatively estimated b}

. b4 AY - T A\

Pl;(‘.'l > W¥) = n PI(W > W¥).

2 i
P 2 - P 2 .y 2 " ~ _:. D7 T onN - - 5
“nls estimacte is quite close;for PW(M > W% very small and
Picure 2 shows that the empericel and tneowretical curve are
P ~ - : 2 . PR ] — LR -
reasonadly ¢lose. " Therefors| this reletion, along with the
5 .-, - TS s S Sy oo ol ., n
curve IOa:;QELGazﬁywneax.aufxace wind curing the strongest
PR - - o JC RPN - e Fal v A K4 -,
wind month {(Figure 1), may be used either to zo from z given
ol 2 e i, = ~ ¥ o - i ~
cesign wind speed VO an e xposure period probability or to gzo
D ey~ PR o PN I i A < o t A
Trom a desired exposure period provavllity to a design wind

]
&
C o -
b-_DecG.. f

Exposure period probal

bilities mey al§o be founa for
each month; the exposure period starts on any day during the
given month. Monthly exposure periocd probabilities are given
i) " References 5 and 9, and these resulils are reproduced in
- e 3. First notice thatithere is a large variation of
e pe;iod probability with montn, S0 the ‘exXposure periocd
1ity during the strongest wind month greatly overestinmates
osure pericd pfOOaJ¢liuy during certein months; 1t is scen
ure 3 that P15<w > 2@.7) may be as much as 65% less than
Pig(W > 20.7) and Py (W >24.5) may be as much as 90§ less than
—— \
P§5(W > 24.5). Next, comparing ?. (W > 20.7) and ?;5(w > 24.5),
- i e -
for example, 1t is noticed that the most favorable and unfavorable
-— -months do not-always agree; this is ceaused by the storms character
= £ a certain menth usually having winds within & certain speed’
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This gives a probabllluy wnlcn is significantly
tained from theé daily peak surface wind distri-
a design wind speed of 20.7 m/sec (99.9 percentile)
ve the ground, the correct probabiliiy during tThe
nd month is about 2.6% for one day on the pad

s to about 24% for 15 days on.the pad. If the

speed were 24.5 m/sec (99.99 percentile), the prob-
d be reduced to jabout one Tfourth these values. The
exposure period |probability with days on the pad

ly different than what would be expected il the wind
from day to day were independent. The above p L%oo—

e for the s»ronges» wind month during the year;

is a seasonal variation in exoosure period prob-

e probabilities |during any given month may be much
hese values. !
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